Objective: This study investigates the effects of a late evening snack (LES), of 200 kcal of rice ball, on energy metabolism in cirrhotic patients. Impaired nutritional metabolism has been associated with cirrhosis, and frequent intake of small meals may prevent early-onset starvation, and maintain nourishment in these patients. Subjects: Twenty-one cirrhotic patients and 26 control subjects (Control) were recruited for this study.
Introduction
The human liver has a central role in regulating fuel homeostasis. Patients with liver cirrhosis exhibit abnormal metabolism, including increased fat oxidation and decreased glucose oxidation (Nilsson, 1973; Mullen et al., 1986; Merli et al., 1990) . A late evening snack (LES) was recommended to minimize early starvation for overnight fasting in cirrhotic patients. It has been reported that supplementation of extra carbohydrate (Chang et al., 1997) , oral branched chain amino acids (BCAA) (Yamauchi et al., 2001; Okamoto et al., 2003; Tsuchiya et al., 2005) and a-glucosidase inhibitor given with LES , all improved energy metabolism in cirrhotic patients. Therefore, LES supplementation to prevent early-onset starvation, and energy deficiency may be advisable in such patients to maintain nourishment. It is easy to continue LES supplementation, because of its low cost (made up of standard Japanese food) and suitability for individual taste compared with special nutrients. However, there is little information on the effect of LES using mixed meal on energy metabolism in viral cirrhosis. In this study, the effects of LES with a 200 kcal rice ball on energy metabolism were investigated in viral cirrhosis patients with a Child Pugh's score A.
Methods
Subjects and study design Twenty-one hospitalized male patients, with biopsy-proven liver cirrhosis, were enrolled in this study. All the patients were classified as Child-Pugh's grade A, and the origin of their disease was due to hepatitis B virus infection (four patients), hepatitis C virus infection (14 patients) and cryptogenic cirrhosis (three patients). All patients were in a clinically stable condition at the time of study. None were receiving non-absorbable disaccharide, and all medications were suspended 3 days before the study. Alcoholic cirrhosis was not included in these patients. They were not heavy drinkers and did not consume alcohol for at least 3 months. Twenty-six male hospitalized patients, with normal liver function tests, were chosen as the control subjects. They were awaiting minor surgery for hernia repair or asymptomatic cholelithiasis.
The anthropometric analysis was carried out under fasting condition. A flexible tape was used to measure the circumference of the arm (mid-upper arm circumference, AC) while the arm was hanging relaxed. The measurement was taken midway between the tip of the acrominon and the olecranon process. Skin folds were measured to the nearest millimeter using a Harpender caliper with a pressure of 20 g/mm 2 of contact surface area. Readings for all subjects were taken at two sites, that is, the triceps and sub-scapular areas. These were taken on the non-dominant side of the body, with the patient sitting in a relaxed position. The arm muscle circumference (AMC) was measured as (AMC) (cm) ¼ AC (cm) -p Â triceps skin fold thickness (TSF) (cm). Subscapular skin fold thickness (SSF) (cm) was measured separately. The arm muscle area (AMA) was calculated as follows (Table 1) :
The regular diet included three major meals and LES, which were supplied at 0900, 1200, 1800 and 2100, respectively, and consumed within 30 min. Control subjects were administrated three meals a day for at least a week, if not more. The experimental group of 21 liver cirrhotic patients were supplied three meals (non-LES: LC-NLES) for 1 week, and the same patients were subsequently supplied three meals plus LES (LC-LES) for 1 week. Total energy intake in Control, LC-NLES and LC-LES groups was the same amount. Nutritional assessment by the indirect calorimetry and biochemical examinations was performed before and after LES administration in patients. The patients and control subjects were all given the standard hospital diet containing 30-35 kcal/kg/day (60% carbohydrate, 24% fat, 16% protein) ( Table 2 ). The LES was a rice ball of 200 kcal, consisting mainly of carbohydrate (44.0 g carbohydrate, 0.9 g fat and 4.3 g protein), and ingested because of it being a favorite Japanese eating habit. Their dietary intake was recorded and the amounts of energy, carbohydrate, fat and protein were calculated using Japanese standard tables of food composition (Yamaguchi, 1997) . The energy and nutritional intakes were not significantly different among Control, LC-NLES and LC-LES. The purpose of the study was fully explained to all subjects, and their informed consent was obtained. The study conformed to the 1975 Helsinki Declaration on ethical guidelines for clinical investigations.
Resting energy expenditure and substrate oxidation in preprandial and postprandial thermogenesis Indirect calorimetry measurements were carried out at 0830 after overnight fasting, following either breakfast (1130) or lunch (1430) (Chest MI, Tokyo, Japan). After an overnight fast, cirrhotic patients and control subjects were asked to stay in bed for 30 min before the calorimetry measurement, and to maintain a supine position throughout the study period. The measurements of O 2 consumption and CO 2 production were computed, and a printout was obtained at 1 min intervals. The measurements were continued until steadystate equilibrium was achieved. The average O 2 consumption and CO 2 production were used to calculate the energy expenditure. The means of the values during the last 10 min of the measurement interval were used for calculation. The machine was calibrated before each study and at intervals throughout the experiment. The basal energy expenditure was estimated according to the equation reported by Harris and Benedict, and the ratio of resting energy expenditure (REE) to basal energy expenditure was expressed as the %REE. The %REE was then used as the actual index of energy expenditure to compare the values among different individuals. Urine was collected to assay the amount of nitrogen excretion. The non-protein respiratory quotient (RQ) was calculated from measurements of daily urinary nitrogen excretion. On the day of REE measurement, 24 h urine specimens were collected; the volume was measured, and a sample was used to determine urinary nitrogen. Urinary nitrogen was determined with the enzyme method.
Blood samples were taken to determine the concentrations of blood glucose (BG) and non-esterified fatty acids (NEFA), just before the indirect calorimetry measurements.
Assay methods
Blood glucose was determined by a glucose oxidation method (Glucose Test Wako, Wako Chemicals, Tokyo, Japan). Serum NEFA concentrations were assayed using an acyl-CoA oxidase-based colormetric kit (Wako NEFA-C, Wako Chemicals). Serum biochemical parameters such as the concentrations of white blood cells (WBC), red blood cells (RBC), hemoglobin (Hb), platelets (PLT), total cholesterol (T-cho), triglyceride (TG), aspartate aminotransferase (AST), alanine aminotransferase (ALT), total protein (TP), albumin (Alb), total bilirubin (T-bil), cholinesterase (ChE) and indocyanin green retention test at 15 min (ICGR15) results were measured using standard methods. The urinary nitrogen production was calculated from the urinary urea elimination.
Statistical analysis
All data are expressed as mean7s.d. Statistical analysis was performed using the StatView software package (version 5.0; SAS Institute Inc., Cary, NC, USA). Repeated ANOVA measurements with subsequent Dunnett test were used to assess postprandial changes from 0830. Differences in mean values between Control and LC patients (LC-NLES or LC-LES) were tested by unpaired t-test. Differences in mean values between LC-NLES (before LES) and LC-LES (after LES) were tested by paired t-test. P-values of less than 0.05 were considered significant.
Results
Anthropometric and laboratory data There were no significant differences in BMI, AC, AMC and AMA among the three groups in this study ( Table 1) . The respective AST, ALT, T-Bil and ICGR15 were higher and WBC, PLT and ChE activity were lower in cirrhosis patients than those in control subjects. There were no differences in the levels of T-cho, TG, TP and Alb among the three groups.
Dietary intake in the control and patients groups
The patients and control subjects ate the hospital diet containing 31-33 kcal/kg/day (60% carbohydrate, 24% fat, 16% protein). LC-NLES patients ate a 200 kcal rice ball as LES. There were no significant differences in energy intake among Control, LC-NLES and LC-LES. (Table 3) The value of %REE at 0830 in LC-NLES tended to be higher than that of Control, although it was not significantly different between two groups; there was an increase in the %REE value after meal ingestion in all the three groups, but did not differ among them. The value of RQ at 0830 in LC-NLES was significantly lower than that in Control under fasting condition (0830) and that of LC-LES significantly increased with LES supplementation for 1 week. The RQ values increased in all the three groups, without any difference, after the meal ingestion (1130 and 1430), and were not different among them. From 0830 to 1130, the increase of RQ in LC-NLES was significantly greater than that in Control. The increase of RQ from 0830 to 1130 in LC-LES was not different from the value in the Control group.
%REE and RQ under fasting conditions and after food ingestion
Blood glucose and non-esterified fatty acid concentrations under fasting condition and after food ingestion As shown in Table 4 , BG levels at 1130 and 1430 in LC-NLES tended to be high compared with those in Control, but these were not significant. The BG at 0830 and 1130 in LC-LES was significantly higher than that in Control. But BG values at The serum NEFA concentration in LC-NLES was higher than that in Control at 0830, and reached to similar levels in Control at 1130 and 1430. In contrast, NEFA level at 0830 in LC-LES was identical to that in Control. The pattern of whole-body fat oxidation rate and the serum NEFA concentration showed similar change in three groups.
Discussion
Characteristic hormonal and metabolic alterations, including depleted hepatic glycogen storage and impaired hepatic glycogenolysis, have been shown in cirrhotic subjects (Owen et al., 1981; Petrides et al., 1991; Campillo et al., 1992; Kabadi, 1992; Petrides and DeFronzo, 1994) . We have earlier reported that fat oxidation is increased and carbohydrate oxidation is decreased at a fasting state, and recovered to control levels at postprandial state, in viral cirrhosis patients (Yamanaka et al., 1999) . Overnight fasting in cirrhosis patients leads to hepatic glycogen depletion. Theoretically, LES should shorten nocturnal fasting. In the previous studies with cirrhosis patients, LES has been shown to improve fuel utilization (Chang et al., 1997; Verboeket-van de Venne et al., 1995) and nitrogen economy (Zillikens et al., 1993; Swart et al., 1989) . Late evening snack with liquid nutrient (Ensure Liquid) increased RQ and carbohydrate oxidation rates (Miwa et al., 2000) . Acarbose, an a-glucosidase inhibitor given with LES, reduced the fasting b-hydroxybutyrate levels the next morning in alcoholic cirrhotic patients . Oral BCAA supplementation as the LES also may prevent protein catabolism and lipolysis (Yamauchi et al., 2001) . However, it is not clear how nutrient components themselves affect energy metabolism; therefore, the effect of LES using standard Japanese rice ball on the fuel metabolism was studied in cirrhotic patients. ESPEN guidelines (Plauth et al., 1997) recommend non-protein energy of 25-35 kcal/kg for cirrhotic patients without malnutrition. In this study, the patients received 31-32 kcal/kg supplementation during hospitalization.
There are four reasons for administering about 200 kcal rice ball as LES. First, the nutrients contained 81% carbohydrate as a substrate, which is adequate to compensate for the depleted glycogen stores in cirrhosis. Earlier studies indicated an increased carbohydrate oxidation after breakfast (Yamanaka et al., 1999) . We understood that cirrhotic patients could slowly use carbohydrate at postprandial states. Second, LES is suited for easy cooking for daily consumption on a long-term basis without undue stress on the household. Third, even if it is difficult for patients to eat one large meal at a time or their appetites are poor, they can still consume smaller portions of food at regular intervals. Fourth, LES is a cheap and affordable alternative compared to special nutrients, and is an economically viable solution for long-term care.
Excess energy intake could also lead to steatosis, in turn, contributing to fibrosis. Caution should be employed in giving additional energy intake in cirrhosis patients, as it may induce obesity. In this study, we have observed improved fuel metabolism with three regular meals plus nocturnal energy supplementation (with LES), without altering the total energy consumption. Results here have confirmed that the frequency of meals, rather than total amount of energy, is important to improve abnormal fuel metabolism in cirrhosis. Even after an overnight fast, the contributions of the major substrate to energy expenditure were characterized by decreased carbohydrate oxidation, and increased fat use in LC-NLES. The evaluation of energy metabolism can be used to predict survival in patients with viral liver cirrhosis (Tajika et al., 2002) . Therefore, the contributions of fat and protein to energy expenditure were more important in the cirrhotic patients than in the controls. Interestingly, our results have shown an improvement in energy metabolism, that is, RQ by LES.
Approximately one-half to two-third of patients with liver cirrhosis showed glucose intolerance after an oral glucose load (Megyesi et al., 1967; Shmueli et al., 1992) . Petrides and DeFronzo (1989) reported that the non-oxidative glucose disposal rate is reduced by 50% in cirrhotic patients. A depletion of hepatic glycogen leads to early-onset breakdown of endogenous protein for gluconeogenesis to maintain normal BG levels during fasting (Shaw et al., 1991) . As the functional glycogen reserves in the liver and the muscle mass are decreased in cirrhosis, decreased glucose oxidation, especially in patients with advanced cirrhosis, could be due to the reduced glycogen stores. However, one needs to be careful in inducing long-term fasting conditions in the patients, as they are under constant testing, and are under stress. Compared to the Control group, the fasting and 1130 BG levels were elevated in LC-LES, after LES intake. It was reported that BCAA (Aminoleban EN) oral supplement as LES might improve glucose intolerance in patients with liver cirrhosis (Sakaida et al., 2004) . Although the LES supplementation in the short term did not improve BG levels after a meal, it may in the long term improve glucose tolerance. The reason being the observation that NEFA levels are decreased by LES at a fasting state, and may be due to observed insulin resistance in these patients. Thus, longterm LES treatment may reduce glucose intolerance.
In conclusion, the ingestion of a 200 kcal rice ball LES can improve the nutritional metabolism in cirrhotic patients. Further studies are necessary to determine whether the special nutrients, including BCAA or regular food, are appropriate for LES. Studies of a long-term supplementation, compositions and timing of LES will be needed to determine whether nocturnal energy supplementation might actually prevent energy malnutrition, and improve nutritional state index, prognosis and the quality of life in patients with cirrhosis.
